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1.
I. INTRODUCT ION

There are any number of situations where one would like to obtain
information about the behavior of the crosswind along a path. One method
of remote sensing that offers promise is that of optical scintillations
using correlation techniques.

Provided that the medium is weakly turbulent , then it is possible
• to write down a nonlinear integral equation between the unknown cross-

wind profile and the space-time covariance function of the log-amplitude

of the incident laser radiation. 1 Lee and Harp1 have shown how to con-
vert the nonlinear integral equation into a linear integral equation ,
and working only with the slope at zero time delay of the space-time
covariance function of the signal.

Lawrence, Ochs, and Clifford ,2 in an important paper , developed an
experimental procedure, utilizing the linear integral equation approach ,
whereby they measured an averaged crosswind , the average taken with re-
spect to the path-weighting function. Furthermore, they are able to make
measurements effectively in real time. In view of their success , it is
now an opportune time to consider the inversion problem of reconstruct-
ing the crosswind profile itself via measurements of the correlation
slope.

The solution of the l inear integral equation , Eq. (2) or Eq. (9).
is an inverse problem . Inverse problems are known to be ill-posed (i.e.,
numerically unstable) and any inversion method must be capable of a rea-

sonably robust inversion in the presence of noise.3’4 We propose to use
the method of singular value decomposition to invert the integral equa-
tion in the presence of noisy input data .

There have been previous inversion studies of Eq. (2)~ Peskoff5

carried out an analytical inversion of the linear integral equation
which , although mathematically correct , suffers from the fact that his
path must be infinite in order to perform certain of the analytical
manipulat ions. A second attempt to invert the integral equation was

1
R.W. Lee and J.C. Harp, “Weak Scattering in Random Media , With App lica-
ti~ons to Remote Probing,” Proc. IEEE, 57, 375-406.

2R S  Lawrence, G.R. Ocha , and S. F. Clifford , “Use of Scintillations to
Measure Average Wind Across a Light Beam, ” A p p i .  Opt. , 11 , 1972 , 239-243.

3M. M. Laventiev, Some Improperl y Posed Pr oblems of Mathematica l Physics ,
(Springer- Verlag, New York, 1967) .

4A . N .  Tikhonov and V. Y. Aresenin, Solutions of I ll-Posed Problems ,
(Haleted Frees, New York, 197?) .

5
A . Peskoff, “Theory for Remote Sensing of Wind-Velocity Profiles,” Proo.
IEEE, .59, 1971, 324—325 .

7
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made by Shen ,
b usin g some naive numerical techniques . Unfortunately,

he did  not r e a l i z e  that the problem was ill-posed ; consequently, his
results and conclusions are misleading . A substant ia l  advance was made

liv Ileneghan and Ishima ru who , recognizing that the problem was ill-
posed , emp loyed an inversion scheme dependent on statistica l regulari :a-

t i o n . 8 The r e l a t i o n  between t he i r  method/resul ts  and our me thod/ r e su l t s
i s  b r i e f l y  d iscussed in Section I V .

11. PRELIMINARIES

The space t ime covar iance  function and the crosswind p r o f i l e  are
r e l a t e d  to each other by a c ompl i ca t ed  nonl inear  integra l equation whose
e x p l i c i t  form we need not quote . see Eq.  5 of Ref . 2 .  Fol lowing  the

suggestion in Ref . I , the nonlinear integra l equation can be made l inear
( in  the velocity profile) by differentiating it with respect to the t ime
covar iance  func t ion  and then s e t t i n g  the t ime delay equa l to zero .

The r e su l t i ng  l inear in tegra l  equation r e l a t i n g  the slope of the
s p a c e - t i m e  covar iance  func t ion  at zero t ime lag and the crosswind com-
ponent  as a f u n c t i o n  of the  separat ion between detectors  is

(1 ,

J d:C ( : ) W ( .~~) v ( : )
= __

~~~~ 

~~ 

( 1 )

I , dz C ( z ) [ z ( l - z ) ) ~0 ~
w h ere : = di sta n ce a lo ng s i ght pa th (0 , 11

V I : )  = c ros swind  component

= r e f r a c t i v e  index s t r u c t u r e  coe f f i c i en t
p = d i s t ance  between detectors

H p )  slope w i t h  respect to t i m e  of space t i m e  covariance func-
t i o n at z ero t im e lag

W (:,~ )= path-weighting function .
See F i g .  I for  schematic of the geometry . l~e caut ion the reader t h a t
t h i s  express ion is v a l i d  on ly  in a w e a k l y  turbulent  medium .

I.’. ~~~~~~~~~~ 
“.~ ~~‘. . ~~ 

j)p~~7~ 7 ’ 7~1 . )f A~~’I OJ ~ icr ~ C and W7~~i V~ Looi - ~~~ i b~ ~~ 1 7 7-
~~~r W~ . ’ ‘o * 

“ [SEE Trans . . t ?nna ~-~ and P~’~~: . , .1P — 18 , 19 ~‘O , ~~ [— ‘~~~~ 
‘
~~.

f~~~ i .~~~; 2 ~ t (l ~ 1~~ ~~~. rebimaru , “Remote Deter ’n i i ,’ z ~ 1 ~ of ~w 
~~~~~~~~~~~~~th~ .4 tmcep her i~ Structure Consla ’it a~id Wend Velocity A long a L”i~~ ~~$7~,h~ P~z~ h h:. i Statist ica l In r,~7ou Pro cedare , “ IEEE Trans . .l ’~t~.o- ’;.~~o~i Er p .  , ~~~~~ 1974 , ~5 7—4 64.

8 , 
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We are particularl y interested in the path uniform case [C~ (z)

constant ] characteristic of horizontal propagation .* Equation (l) then
becomes

dz W (z ,~~~ ’ (z )

E(p ) = . (2)
fL d z[ z ( l - :) ]~~

’6

Jo

The path-wei ghting function for a spherical wa v e , assuming that
the refractive index size spectrum uses the inert ial subrange assump-

tion ,9 takes the form

W ( z .~~) (2.33)(kL)5~~~J0 
dK K 51

~ ~
j~

2 [z(L : x2]

f2J 1 (zDK/2L ) ] Ip :K\
x 

[ 

(zDK/ 2L)  j J
1 

~~5_j~
-_) 

(3)

where k = wavenumber of laser radiation and 1) is the diameter of the two
detectors . The basic point to emphasize is that the refractivity spec-

trum is taken as proportional to K
111

~
’. The degree to which departures

f rom the power 11/3 inf luence  the f i n a l  r esu l t s  is not undertaken in
th i s  paper , but it should be kept in mind tha t  11/3 is a usefu l work ing
number and not an axiomatic statement.

At this stage it is convenient to convert to dimensionless vari-
ables :

: : K ( A L ) ~~~
2 

= , : : ~I/2

Here

F ( A L ) 1./’l (5 )

is the Fresnel zone number which has the dimensions of a length.

*See , howsoer , the qualify ing remarks in Sec. IV.

~V.I. Tatarskii, “The Effects of the Turbulent A tmosphere on Wave Propa-gation,” (US Dept. of Cor,r,nerce, Springfield, VA , 1.971).
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The path-weightin g function W(:,~~) can be rewritten as

F ’3
= (2.33) (2r )5”~ .

~~~~~~~ ~~~~ 

(~
)

where W
1
(,a) i s  di mens ion l e s s

W~~~~~) = dss 5”3 s i n S ~~~~~~ ~ ~~~ ~~~~ 
~~:s~ .

The denominator of Eq. 2 can be evaluated in terms of gamma func-
tions

f d : [ : ( I - :) ] 5
~~ = L 81

~ . (5)

Thus the dimensionless form of Eq. ( 2 )  i s

E(~ ) = 

~ 
dzW

1 (~~~
)v( ) (9)

where

(2 . 3 3) (2lT )~~’
b r

g Z 

r r 
— = 48.8938 . (It) )

The integra l on the right—hanu size has dimensions ( l c n g t h ’ t i m e ) s ince
v ( )  is a velocit y. Hence. [~8) has dimension (time ) 1 as i t  should .
We caution the reader that F(s) and v ( )  must he measured in the same
time ’ units. Equation (9) is an integra l equation of the first kind for
the unknown v(:) in terms of the’ measured E(~ ) and known Wi~~, i f l .

I I I .  INV ERSiON V IA S INGULA R VALUES

Given this basic prel im inary informati on , we now pass on to the iii -
version of Eq. (9) using the method of singular value decomposition .

The integra l equat ion, Eq. (9), was f i r st discrcti:ed u s i n g  N p oi n t
Simpson ’s ru le

Ny H W ,Z )v(~~) = E ( 8 ) ( 1 1 )
n=l

11
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where  U a i e  the  ~~e’t ght f a ct o r s  and the qu a d r a t u r e  p o i n t s . ~
-‘i  uce ise

fl n
gener a  1 1 % want  more measured va 1 uec t han  r ecoust  ru ct  ion p o i n t  s • N • we
let  in I • 2 , . . . , ~~ ! h’here ~t N . ~he n I i .  ( 1 1 )  i ~on v er t e d  to :i t  r i  ~.

t T ’ o:~l • ~e h. *~

A N  = h ( 1 2 )

s t it ’r t ’

— ( I  ~~~ . : )
1111 ii Ti

v ( )

I ( : )  . 1
t s s i  e’ ~t .~ N “I ro~ s a n d N co 1 i i ~ uis ~ , ~ ~ \ ~ I , md h I s x I

i u . t t o n ( L )  i s  the  b a s i c  e q u a t i o n  i o i ’  t h e  I n \ e r ~~i oI i .

I ’ui e m a t  r x .\ - t i  he ~ r t t en i t h e  fo 1 1 ois i ug rca I fo m i  
~, 

c ngu 1.1
i i  Ut’ ~I ~~.nI poc i t  i o n )

IT ~

‘ V * 

( L )

t s h e r c  It  s an  ~t N ~l o r t  I togona 1 : i . t t  r i  X U L I = = l ,~ \ I ~
. an N \

o r t h o A ~o n i I  ~i . t t r i \ .  t h e  l l i at i ’ l \  i s  ~l ~ \ i s i t h  T i l l - l i t  i \  0 ~~l t ’TTit’i i t ~~ O T T
t h e’ m.i I U d t a  got ia  I and ze ros e I sewhe i’c

- 

. 

I) 
,

t h e  .‘ ‘ -- -~ me t ‘m eet t he  s i n g u l a r  va lu e s  of .\ and a me t h e  non - flega t I \  t’

squ.i rt’ ro ot s  the c igenv.i lues  of A~~\ ( t h i s  i s  t hr  ma t henia t ica  I J~ t i n  i -

t i oTT  01  t he  ~ ‘ , but I hey art’ iie~’ e’m 0 \ . I  I ua t ed t rom th e  ~~ t~ i l l  i t  ion  ‘I

L
_ _  
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The a ’s can be ordered so that 
~l ~~~ 

> • o~ ~ 0, if rank of

A = k(~N), then 
~k+1 

= °k=2 
= • = o~ = 0. The columns of U are the

eigenvectors of AA’, while the columns of V are the eigenvectors of

A~A. Formal proofs of the singular value decomposition of a matrix can

be found in Forsyth and Moler ,~ ° or Lawson and Hanson .”

The solution to the minimal least squares problem posed by Eq. (12)
11is

x = A~~b ( 15)

where A~ is the pseudoinverse of A g iven by

~ ~~
+ 

~~
+ 

. ( 16)

h ere is the N x M matrix

+0 1
+ 0

0
2

(17)

where

+ 1
a =—  if a > 0n o

~ 
n

= 0  if a = 0  . ( 18)
n

The so lu t ion  becomes clearer  if  the r igh t -hand  side of Eq.  ( 15) is
written our e x p l i c i t l y .

R. ~i(, ler and - LE . Forsyth, Conrputer Solution of Linear and A l~?e-
braic Systems, (Prentice-Hall , Eng lewood Cliffs, NJ, 19C7).

11 C .L.  Lawson and R.J .  Hanson, Solving Least Squares Problems ,
(Pr entice-Hall, E’nq lewood Cliff8, NJ, 1974).

13
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I
k

x = ~~ —~--— v , k < N  ( 19)
n=1 

a n —

whe re u and denote the ~th co lumn vec tor s of U and V corresponding

to 
~~

. The sum only  runs ove r n = 1 to k , where i s  the smal les t

nonzero s i n g u l a r  va lue . Equation (19) shows tha t  the m a t r i x  x of rank
k ( - - N )  ~ 5 a l i nea r  combination of k matr ices  of rank one .

The i l l - posed  nature  of the invers ion  is direc t ly ev iden t .  The
s m a l l e r  s i n g u l a r  values  en te r ing  in to  the denominator  tend to g rea t ly
magn i fy  any error in the measured data vector  h , thereby r e s u l t in g  in  ;i

spurious  s o l u t i o n .  To a l l e v i ate t h i s , the expans ion  is  t e rmina ted  be-
fore the  c o n t a m i n a t i o n  due to the n u m e r i c a l l y  sm a l l  s i n g u l a r  va lue s sets
i n .  One way to ach i eve  t h i s , B lake  and B araka t , L i s  to t o set

+ 1
-~ 

— if  (I > C
ii a fl

= 0 i f  °n < (20)

where the c r i t e r i on  for p i c k i n g  is

~->  no ise .  ( 2 1 )
(1

0

— P h y s i c a l l y  t h is pr ocedur e has t h e e ff ect of i gnoring hi gi~ f requency corn-

— ponents  of b which are the main  cause of the n u m e r i c a l  i n s t a h i  l i t y .
N e v e r t h e l e s s  t h i s  procedure e n t a i l s  a somewhat a r b i t r a r y  j ud gme nt as to
when to t e rmina t e  the  summat ion.  Unfo r t u n a t e ly  so do any  o the r  c r i t e r i a .

An added advantage  to the use of s i n g u l a r  va lues  i s  t h a t  the singu-
lar  va lues  are very s table  to pe r tu rb a t ions  in  the m a t r i x  elements , in
t h a t  pe r tu rba t ions  of the mat r i x e l emen t s  produce p er tu r l )~1tio ns in the
s i n g u l a r  v a l u e s  of the same order of magni tude .

In applying the  s i n g u l a r  va lue  d e c o mp o s i t i o n  to our problem , we
used the  a l g o r i t h m  described in Reference II.

Given that we have an inversion al gorithm we mus t now consider the
following problem. The d i s t a n c e  S between detectors  in  Eq .  U) ) rums
over the  range (O ,~~) ,  In  order to e f fect  the i n v e r s i o n  (h ~’ si n g u l a r
va lt ic ’ decompos it ion  or any o ther  method ) , one must  I ot t he  spac i r ig

H / . i k .  - i~i I  k . R i ~’- o~ i t . , “~h, ‘ Y ~ ‘i , / ‘i’ -~ 
- ,- • •‘~ -

~~ ~~ .‘. - !- . / 1 , - ‘

~ .P O ’  ‘ ‘ ‘O ( t .’~~ . /  . I J I 7 ~ 1~~L0r , ” ( O i l .  ~~~. t ’II~~A i . , :.- , fl~~ - . , t . ’~— i ’
~~~~~.

J_____________ 
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between detectors become i n f i n i t e  • .rt least in pri Ut i ~~~ (Thv i ouc iv
this cannot be done t’~ p er imentu1  ly sti t h a t  t hi’ quest i on to he UIt 5 i ~t ’ t t t l
i s  ‘What is  the aeceptab it’ upper 1 int l t on ~ ~ca 11 i t  4 1 or w h i cli
the i n v e r s i o n  works  in the noi seless  case?”

In order to answer this quest ion • we (I r s t  con s t dt’ r t he  dir ec t i’ i t ’

hiom : given the crosswind p r o f i l e  de t e rmine  I ~ 1 . l i i i  s I i m p l y  the
t ntegra t ion ot’ V (Z) over the  pa th  w i t h  respect t o  th e  pat 11 - ~ e i ght i r i g
iunct ion w (: ,~ )

Bet’ore cent inn irig these  ca L e n i n  t i Ot is • we choose r cpr est ’l it  at i v ~‘

V a  lUt’5 ot L, I) • antI

I. L • S • (I~ em a 1 . s km

I) — 1 .2 ’ n I t

= t-~.33 • l I t ~~ em

iiacett  on these ~-a tnt’s we have

a a 0. 412

= 3.08 cm

these values w il I be used for all ntimt’ric .i l e a l c u l u t  ions in  t h i s  pape r .

The b e h a v i o r  of the pat h-we i g u t  I ng fut te  t i on W( • c i  t s shoi~t t  iii I g .
2 t v a l u a t  lOf l  Of  W ( ,~~) was by hi gh order quadi’attire s u f f i c i e n t  t o
gua rant ee f o u r — d i g i t  ac c u r a c y .  As t he  t i e t ect or  spaci  ri g S i s i t ic

W se It’ct ivelv accentuates vai’~otis i~u’t~ 
of the  opt t e a l  j m t h  i~ i th Large

spacings concent rat ing on the  end nea r the l a ser .  I flc i dent .i I I  y • i n
working system the detectors WeLt Id rena in  I i  xcd and the apparent del cr1
sepa rat ion would  he done by s c a l i n g  the  opt in s  •

We erup loved

v ( Z )  1 5() c~~ co s ( 2 r i ) cin/ st’n

= t-)S0 ~‘ cos ( 4 i i  :i Cut/see ( • ‘ S  1

l b
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as test  c rossw intl p ro f i  1 es . Recal l  t ha t  I kn ot  ~ 5 1)  cm s ee  . Itie t c ~ u l
t ant  shapes of the slope of the space — t ime  c o v a r l a u t c e  fuuc t  ion at : i- ’

t im e lag as a func t ion  of detector st~p arat  ion i~ , I ~t- I • ar e  shown in I ig.
3 . Needless to say they d i sp lay a compl ica ted  beh avior  for s i i i , i l l  , but
then  tend s l o w l y  to zero in monotone fashion for large  S . La rgt ’ numb e r
of si gn changes in  V ( Z )  man i fest t hemselves in a more ci~mI I I m a t  ed he—
havior of E(B) for small S. Several other crosswind I~rt~t i it’s were run :
they all indicate that ultimately IS ( S )  tends to  zero as  s i s  inc reased .

Ba sed on thi s i n f o r m a t i o n  • we set S a 3 and t~ 4 , then in-
max max

verted the profile given by I - t I . (22) us lug a u n i  t’orm span i rig of ,
~f 

a ) ,

(N = 31) and requiring N a 2 1 .  The inversions are shown in 1 - i g .  4 f o r
5max = ~ ~~~~~~~~ circles ) and a 4 (solid c i r c l e s ) . I3oth y i e l d  excel-

lent fits to the prot’i Ic for 0 . 4 ;  however  for : 0.4 the  i nv e r s i  ott
p o In t s  for S 3 U SC i i  l a t e  about the  true proti It’s whereas  tho se  lotmax
5max = ~ ~~~~ s t i l l  ‘cr  good. I t  i s  an a r t i fac t  of singtila r v a l u e  d ’

composi t ion tha t the m yers ion points for 2 = 0 , 1 a rt ’ a i w a s ~c ro .
there  are , of course , 21 singular values Since N 21. \.i Iti ~ c of S

net x
d Id not ~ i e Id reconst m e t  ion s i gn I f i  cant  lv  b et t e r  t h an t hose for
S = 4 . On the  o ther  hand , p r o t i  les i n v e r t e d  f o r  S S t~ert ’ a I nios t

ncr x max
useless due to w i l d  oscillations . -~~t least with respect to the  pro t’ i les
we inver t ed , I t appears t h a t  5

m i  x = 4 i s a rca sonab Ic eompr om i se between
accuracy - and p h y s i c a l  rca I i  zabi  I i  t .

Even t n  the  ‘‘no i se less ’’ cas t ’ we do not emp 1n’~- a l l  21 si n g t t l a  r ~a lues
in the r e c o n s t r u c t ion ; r a t h e r  we emplo y  19 s i n g u l a r  va lues  because ‘ 1 1

and a re enough in erro r to cause se r ious  di St ol ’t ions i n  the  recon-
s t ruc t  ion of t he  crossw i nd p r o t i l e .

In order to m i m i c  the  expe ri merit a I s i t  nat  i on , we ~idtl Si  gna 1 d ep en—
den t noise to E ( 5 )  in the  f o l l o w i n g  f a s h i o n :

F ( S )  - = (1  + t S i f l l (5)  ,n o i s~- n o i s e le s s

h e r e ~ is a stan 11 numbe r and i I s a random va 1’l a b l e  got e rned by ,i re t --

t an gu lar  p r o b a b i l i t y  density fnnct ion

f i n )  = , - 1 n

= () , el sewhere  - (25 )
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A typical inversion realization of the profile g i v e n  b y l~ . (22
is shown in Fig. 5. The amount of ‘‘noise ’’ added to I t~~) v i a  I t i . ~24
was 5% (i.e. , .025). According to the reci pe qu oted  in  l:q . ( 2 1
this m eans that we should  use lb s i n g u l a r  va lues  in the  reconstruc t t o r t
of the p r o f i l e .

A second profile , Eq. (23) • was a l s o r e c omis t  r ucted and the  r e s u l t s
.i me shown in Fig. t . Ihe so lid ci rc it’s arc t lie recon St ruc ted values ot’
the profile in the n o i s e l e s s  case w i t h  5 4. The Solid t r i a r i g i t ’s ,irc
t he  reconstructed v a l u e s  of a t y p i c a l  sample rca i i  zat  ion with S noise

e. , ~ = .015) added to F(S). I’he r e su l t s  speak for t h emse lves .

As we noted in the m t  roduct ion , Ileneghan and 1 sh I ma mu - used an i i i  —

~-ers  ion scheme dependent on stat i st ical r egu lar i  :at i o n .  It is di ft’i c u l t
to compare their results since most of t h e i r  calculati ons arc not ad-
dressed to the satire prob len w i t h  wh i cli we are concerned , namely t he
point- wise m y er s  ion of v () . However , in Fig. h ot thei r paper they

show an inver t ed  veloc ity profi Ic using data obtaIned f ron t  h a r p  wI t i cli
is s iln i lar to that of F i g .  S of the present pap er .

I V .  CO*IENFS

The pr ev ious  c a l c u l a t i o n s  have demons t ra ted  that it i s  pos s i  He to
obt a in  the  n ro ssw i r id p r o f i l e  u s i n g  the corre 1 at i ott sI opt’ method v i a
s ing i r  l a m  v a l u e  decompos i t  ion , when C~ (z 1 i s  cons tan t  over the pa th .
H oweve r , as a r ev i ewer  has po in ted  out . ty p i c a l  spat i a l  and t empora l
fluctuations in  (~~ along the p a t h  can ove r w he lm the t.’t’t’ect ot’ )~ ( 2 .~ - )

by lu st var~- ing r ece ive r  separation. It is suggested t h a t  Ofl t’ mi ght
overcom e some of t he l) I’oI) len s by us tug hi gher order rece i ver  SNi t ma I
filtering t echn i ques  such as Jesc r i  bed in  i.: Ii t’ford , et a I I and ~)ch s
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Figure 5. Inversion of v(z) corresponding to Eq. (22) using 16 a ’S 4%
noise In E(8) , 8max
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et a! 15 Lee .~~. Such an analysis has been ini tiated by one of us (RB).

See also Leuenberger , et al. t

It is tempt ing , when C~(z) varies ov ..r the path , to invert the in-

tegral equation relating to C~ to the log-amplitude of tire covariance

for zero time delay using the inversion scheme (e.g., Reference 18)
2wh ich w i l l  guarantee C~ > 0. The resultant could then be substitut d

S into Eq. (1)  for the crosswind profi le .  Unfortunately, thi s approach

w ill fail because , as Strohbehn19 has shown , one cannot distinguish be-

tween a C layer and a change in the turbulence spectra l power law .
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USLi R U VALUAT I ON OF RU PORT

Please take a few minutes to answer the questions bel ow ; tear out
this she-ct and return it to Director , US Army Ballist i c Research
Laboratory , ARRADcOM , ATI’N : DR[)AR-TSB , Aberdeen Proving Ground ,
Maryland 21005. Your comments wil l provide us w i t  I~ informa t ion
for improving future reports .

1. SRI. Report Numb er____

2. Does this report satist’v a need? (Comment on purpose , rela ted
projec t , or other area of i n t e res t  for w h i c h  report w i l l  be used .)

3. How , specifically , i s the repor t being used? ( In fo r mat  ion
source , des ign data or procedure , management procedure , source of
ideas , etc.) 

_____

4. Has the information in  t h i s  report led to ~ q u an t i t a t i v e
savings as fa r  as man—hours/contract dollars saved , opera t in g  cost  S
avoided , efficiencies achieved . etc .?  I f  so , please el aborat e .

5 . Genera l Comments ( Indicat e what von t h i n k  should be c hanged to
make t h i s  report and future reports of this ty p e  more responsive
to your needs , more usable , improve readab ilit~- , etc .) 

-

~~~ . I f you won Id like to be con tac ted by the persounc I who prepared
t h i s  report to ra ise  spec i f ic  ques t ions  or discuss the topic .
please f i l l  in the fol low i ng i n fo rma t ion .

Name :

Telephone Number:

Organi zation Addr ess:


